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(54) PROCESS FOR PRODUCING BIOLOGICALLY ACTIVE FUSED PROTEINS 

(57) A process for producing biologically- active 
fused proteins whereby novel biologically active fused 
proteins usable as a remedy or a diagnostic, drug or - 
applicable to gene therapy can be efficiently produced 
by appropriately selecting the optimum linker polypep- ; . . 

tide. This process comprises incubating Jransforrnants . - 

obtained by the trainsformation by expression vectors 

which contain the DN A' sequences encoding the amino ' 

acid sequences of proteins represented by the following 

formula: A-X-B wherein A and B represent respectively 

the subunits of a dimer protein or biologically active pro- 

teins and may be the same; and X represents a linker 

polypeptide. - * _ 
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Description . ' 

TECHNIGAL FIELD • . ^ ' ■ ■ 



the present invent ion relates to a method for producing a dimer protein exhibiting a biological activity or a bioactive 
fusion protein composed of two kinds of proteins. In particular, the present invention relates to a method for producing 
a bioactive fusion proteiri utilizing'a linker polypeptide. 



BACKGROUND ART 



io 



. ^ ^ Proteins play important parts in supporting life, and utilization of functions of proteins is a great challenge Thanks 
„ to development of recombinant DNA techniques,- a great number of useful foreign proteins have been expressed in 
^ ■ prokaryotic cells or eukaryotic cells or insects; such as silk vw)i7Tis.lra^ containing DNA 

sequences encoding those foreign proteins. However, many problems have arisen accompanying such technologies 
15 , for example, problems regarding production of dimer proteins having disulfide bonds, or production of membrane oro- 
teins. and the like. . . ; ' * . , ' ' - 

. For example, to produce a dimer protein composed of two subunit proteins.^^ ( IL12) 

known as a natural killer ceN simulating factor, there is a requirement that the two subunit proteins be simultaneously 
; expressed in equal amounts. However,; methods using existing expression vectors have problems of. for example non- 
20 -uniformity in the amourits of subunit proteins expressed, extremely low transformation efficiencies, incapability of using 
insect expression systems employing silk worms or the like. * : : : ' 

A generally, known method fqr producing a dimer protein is a co-transfection method wherein transformants are 
obtained through a mixture-of two expressiori vectors containing genes encoding different subunit proteins However 
this method also has many problems to be solved For example, the method produces not only transformants containing 
the two types of expression vectors, but also transformants containing only one type of expression vectors are also pro- 
duced. Moreover, the , amount of each subunit protein expressed in the transformants containing the two types of 
expression vectors varies. ; . 

. To overcome such problems, fusion protein production methods using linker peptides (pkilypeptide)^ have recently 
been developed (for example. WO0920,4455. WO 921568. EP 610046. WO 9319777. WO 9215682. WO 9102754 EP , 
467839.. and EP 281418). However, no finding has been obtained regarding production of a dimer protein with a 
disulfide bond, or production of a mature protein utilizing intracellular processing, or the'N 

"^''^^'^ described here, lnterleukin-12 is a protein known as a natural killerxell stimulating factor 
(NKSF) (Kobayashi. et al. J. Exp. Med. 1 70, 827 (1989)). or a cytotoxic lymphocyte. maturation factor (GLMF) (Gately. 
M.K.. J. Immunol.. 136. 1274 (1986)).;lt is also known to act to increase the production of interferon y from peripheral 
blood mononuclear cells (Stem. A S. et aL. Proc. Natl. Acad. Sci. USA. 87. 6808(1990)) and to induce THL cells a sub- 
type of helper T cells (Th) (Manetti. R. et al.. J. Exp. Med.. 177. 1 199(1993)). It has been revealed that interleukin-12 is 
composed of two types of subunits. that is. a 35KDa subunit and a 40 KDa subunit (Podlasky. F.J et al ' Arch Biochem 
Biophys. 294. 230.(1991)).' / v ^ " *, 

In a production method for interleukin-1 2. genes encoding the two interleukin- 12 -constituting subunits of gp 35 and 
gp 40 are separately inserted into existing expression vectors, and then transformants are obtained^thrbugh mixture of 
, . the vectors (Japanese Patent Laid-Open No. Hei 5-294999). This method produces not only transformants containing ^ 
■ the two types of vectors but also transformants containing only one type of vectors. Moreover, the amounts expressed 
in the transformants containing the two types of vectors according to this method vary Therefore. interleukin-Y2 which 
, , IS a hetero-dimer. cannot be iefficiently produced by this m^^ ' A .' 

45 ; Production of interleukin-12. a heterodinier. is difficult as described above. Unlike the case of homodimers the 
subunits of.the heterodimer must be expressed simultaneously in equal amounts to produce a bioactive protein There- 
.fore. It becomes'necessary.to incorporate a plurality of promoters into an existing expression vector, thereby creating 
possibilities of great variation in expressed amount of each unit or significantly reduced transformation efficiencies: 

50 DISCLOSURE OF THE INVENTION 

It is an object of the present invention to provide an excellent method of producing a bioactive fusion protein using . 
. a linker polypeptide and to provide a method regarding selection of an optimal N 

Through careful researches, the present inventors have found that the above object can.be achieved by a method 
.55 of producing a bioactive fusion protein characterized by culturing a transformant obtained throughy transformation 
using an expression vector containing a DNA sequence encoding an amino acid sequerice of a bioactive protein r^re- 
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A-X-B 



(wherein A and B represent respectively subunits of a dimer protein or bioactive monomers in their native form where 
A arid B may represent the same, and X represents a linker polypeptide), thereby accomplishing the present invention. 
In the present invention, it is preferable that X be: 

(1) a linker polypeptide located between a C terminal of the protein A and an N terminal of the jDrotein B, the second 
' amino acid residue from the last at the C terminal of the linker polypeptide and the last amino acid residije at the C 

terminal being Lys-Arg and the first and second amino acid residues at the N terminal of the linker polypeptide 
being Arg-Arg, and the linker polypeptide being cut from the fusion protein by. intracellular processing in a host; or 

(2) a linker polypeptide located between a C terminal of the protein and an N terminal of the protein B, the second 
amino acid residue from the last at the C terminal of the linker polypeptide and the last amino acid residue at the C 
terminal and the first and second amino acid residues at the N terminal of the linker polypeptide being constituted 
by basic amino acids selected from a group consisting of Arg and Lys, or hydrophobic amino acids selected from a 
group consisting of Pro, P he. Leu, Tyr; He. Leu and Val. 

The present invention also relates to an expression vector characterized by containing a DN A sequence encoding 
the above amino acid sequence and to a transformant obtained by transforming a host cell with the expression vector/ 

Furthermore, in the present invention, it is preferable that A and B be either the 40 KDa subunit or the 35 KDa sub- 
unit of inter I eukin- 12, and that the synthesis object substance be inter! eu kin- 12. ' ' ' 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 schematically illustrates a process of preparing the subunits gp35, gp40 of IL12 by PGR and producing a 
plasmid pUCI 8 having a gp40-gp35 gene structure. 

Fig. 2 shows a nucleic acid encoding InsC region in gp40-(lnsCI-N)-gp35 and flanking IL12 pg35 and IL12 gp40 
sequences as well as the encoded amino acid sequence. / 

Fig. 3 shows a nucleic acid encoding InsC region in gp40-(lnsCII-N)-gp35 and flanking IL12 pg35 and IL12 gp40 
sequences as well as the encoded amino acid sequence. 

Fig. 4 shows a nucleic acid encoding InsC region in gp40-(insCl-C)i-gp35 and flanking IL12 pg35 and IL12 gp40 
sequences as well as the encoded amino acid sequence. 

Fig. 5 shows a nucleic acid encoding InsC region in gp40-(lnsCII-C)-gp35 and flanking IL12 pg35 and IL12 gp40 
sequences as well as the encoded amino acid sequence. e - - 

Fig. 6 illustrates a process of constructing a gp40-(lnsCI-N)-gp35 fusion protein expression vector lnsCI-N/p5VL 
(lnsCI=insulin type I C chain). . 

Fig. 7 illustrates a process of constructing a gp40-(lnsCI-C)-gp35 fusion protein expression vector InsCI-C/pSVL 
(lnsCI=insulin type I C chain). - . _ , 

Fig. 8 illustrates a process of constructing a gp40-(lnsCII-N)-gp35 fusion protein exjDression vector InsCII-N/pSVL 
(lnsCll=insulin type II C chain). 

Fig, 9 illustrates a process of constructing a gp40-(lnsCII-C):gp35 fusion protein expression vector InsCII-C/pSVL 
(lnsCll=insulin type II C chain). 

Fig. 10 shows a a nucleic acid encoding InsC region in gp40-(E. coli-N)-gp35 and flanking IL12 pg35 and IL12gp40 
sequences as well as the encoded amino acid sequence. 

Fig. 1 1 illustrates a process of constructing a gp40-(E. coli-N)-gp35 fusion protein expression vector E. cbli-N/pSVL 
(E.coli-N=Escherichia coil -derived ON A fragment). 

Fig. 12 shows results of a quantitative assay of a production of IL-12 wherein the supernatants of the filtered and 
sterilized COS cells were serially diluted. 

Fig. 13 shows results of immunoblotting with an anti-gp40 monoclonal antibody preceded by SDS-polyacrytamide 
electrophoresis of 1 0-fold concentrations of the supernatants of the filtered and sterilized COS cells on a 1 0% poly- 
acrylamide gel under non-reducing conditions. 

Fig. 14 shows results of immunoblotting with an ahti-gi340 monoclonal antibody preceded by SDS-polyacrylamide 
electrophoresis of 10-fold concentrations, of the supernatants of the filtered and sterilizied COS cells on a 10%poly- 
acrylamide gel under reducing conditions. 

Fig. 15 schematically illustrates a process of preparing an IL2 gene by PCR and producing a plasmid pUC18 hav- 
ing IL2+S and IL2-S gene structures. 

Fig. 16 shows a nucleic acid sequence of an InsC region of IL2-(lnsC l-N)-IL2 and flanking IL2 sequences . as well 
as the encoded amino acid sequence. 

Fig. 17 shows a nucleic acid sequence of an InsC region of IL2-(lnsC ll-N)-IL2 and flanking IL2 sequences , as well - 
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as the encoded amino acid sequence. 

Fig. 18 shows a nucleic acid sequence of an InsC region of IL2-nnsC \ C\ ii 9 anH »i= i.- ., o 

as the encoded amino acid sequence. • •. ■ * ^ '"^'"^ ^ "^"'^'"Q 'L2 sequences . as well 

Fig. 19 shows anucleic acid sequence of an InsC region of IL5-flnsCll-rv IIP ..o 
.5 ■ as the encoded amino acid sequence 9.°" °' ('"^^ " C)-IL2 and flanking IL2 sequences . as well 

"^c^^^^J^Z^:^^ ^" 'L2^(lnsC l-C)-IL2.fusion protein expression vector ILa/lnsC,: 

. 22 illustrates a process of constructing an ll^-nnsC I N^^^^ 

N/pSRa(lnsCII=insulin type II C chain) ^ " ^''P^ess.on vector IL2/lnsCII- 

■ ZS^SZ^S:::^ ^" "^-^'"^^ "-C)-.L2 fusion protein expression Vec^ML2/lnse 

ScS"'Sal^'chS^''=°"*^"^'"^ ^^^^^ 
" ^F^;IS^^iJ^^^:.S~^ ' ^-^^^^^'-^^ "-^^-^^^^ fusion protein expression vector ^nsCII- 
c&R«:Ssu.inTy;n^ '^■''^ '-"^-^ fusion protein expr^sion: vector InsCI I - 

. diluted. on tne growth curve obtained by a 2D6 assay wherein the supernatants were serially 

35 BEST MnnF.«^ FOR rAOOYING ni IT TMF IMX/CZN.T.^,:, . ' 

. According to the present inventionjn the protein represented by the following for - 

a.hySrho™:rdr^^^^^^^ 

orthe like, epidermal JZfSor (S^ P-"P°tropin, urogasterone, insulin 

proteins (IGPBP), groL factorfsuch as 'n^^use c^^^^^^ represented by IGF-1 or IGF-2, and their binding - 

factor, platelet-derived gro,S fL^orTpDGPriltS^ nerve growth, factor, glia-derived nerve cell growth 

stem cell growth facS olTe'lilTgrrh hc^^^^^^^^^ ^«-'oPO-tic 

represented by interleulon-2, interleuk^ 8 int^Sin 12 or t^eTl 9^°'^'^ ho^-^^ne or the like, interleukins 

human macrophage migration inhibiting fac^^rs MIR in^r ^'''^ ,^'^^^<m^c cell colony stimulating factors, 

factors. a1 -anti-trypsin. protease inhtoi?o^^^^^^ as interferon a. p or y or the like, osteogenesis . 

-virus surface or co!e ant^ens A ype StS vims an^^ ' h"^^*'*" """3""" """^ ^'♦^P^ ''^^^^^ 

activators such as tissue plasminogen aS^i^^r^^^^^^^^^ hT. °' '""^ P'^^minogen 
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lactamase, glucose isomerase or the like. Further cited are, for example, cytokine receptors represented by human 
interleukin-2 receptors, human ihter|eukin-6 receptors, erythropoietin receptors or the like, interferon receptors, blood 
granulocytic cell colony stimulating factor receptors, epidermal growth factor receptors, hematopoietic stem cell growth 
factor receptors, an immunoglobulin super gene family including CD2, CDS, CD4 and the like, T cell antigen receptors. 

5 immunoglobulins such as immunoglobulin D, E. G or the like, human-mouse hybrid immunoglobulins, immunoglobulin 
binding factors represented by immunoglobulin E binding factor, GTP binding proteins such as low-molecular OTP bind- 
ing proteins, GTP binding protein y sub-unit protein or the like, estrogen receptors, andorogen receptors, glucocortinoid 
receptors, vitamin receptors represented by vitamin D3 receptors, parathyroid hormone, and the like. Preferred exam- 
ples are peptidases such as y-glutamyl transpeptidase, interferons, particularly, interferon y, immunoglobulins, particu- 

.10 larly. the Fc chain or Fab chain of immunoglobulin G, interleukins represented by interleukiri-1. -2, -6, or -12 and their 
receptors or soluble receptors, cytokine common receptors represented by gp130 or interleukin-2p-subunit receptoi^, 
human tissue plasminogen activators, transforming growth factor TGF p or its receptor, GTP binding proteins such as 
GTP binding protein y sub-unit protein, and the like. 

According to the present invention, X in the formula A-X-B is preferably: 

'15 , ■ , , . - ■ . ' , ■ 

(1) a linker polypeptide located between a C terminal of the protein A and an N terminal of the protein B. the second 
amino acid residue from the last at the C terminal of the linker polypeptide and the last amino acid residue at the C 
terminal being Lys-Arg and the first and second amino acid residues at the N terminal of the linker polypeptide 
being "Arg-Arg, and the linker polypeptide being cut from the fusion protein by intracellular processing in a host; or 
20; (2) a linker polypeptide located between a C terminal of the protein A and an N terminal of the protein B, the second 
amino acid residue from the last at the C terminal of the linker polypeptide and the last amino acid residue at the C 
terminal and the first and second amino acid residues at the N terminal of the linker polypeptide being constituted 
by basic amino acids selected from a group consisting of Arg and Lys, or hydrophobic amino acids selected from a 
group consisting of Pro, Phe, Leu, Tyr, lie. Leu and Val. 

25' r : , - ^ . - . - . ^ \ ^ * ; ' ■ . • ^ 

Particularly preferably, X is formed of 31-36 amino acid residues and has an amino acid sequence indicated as 
■ sequence Nos. 1-5.. It is possible to modify the amino acid sequences indicated as. sequence Nos. 1-5 into other 
sequences (hereinafter, referred to as "similar amino acid sequences") by substitution, of any of the amino acids, addi- 
tion, deletion or the like. Examples of such a modification method are methods using suitable restriction enzymes, DNA 
.30 synthetase, DNA ligase, methods known as oligonucleotide directed mutagenesis), methods described by for example, 
Maniatis et al.> Molecular Cloning 2nd edition (1989) 15.3-109 or Ausubel et al. Current Protocols in Molecular Biology 
(1991) and the like, methods described in references cited in those publications, and the like^ 

According to the present invention, there is also developed and provided a bioactive fusion protein characterized 
by containing an amino acid sequence indicated as sequence Nos. 1 -5 or a similar amino acid sequence, or a expres- 
35 sion vector for producing the bioactive fusion protein. A fusion protein or a fusion protein expression vector according 
to the present invention characterized by comprising a DNA sequence encoding a linker polypeptide amino acid 
sequence or a similar amino acid sequence is not particularly limited as long as it comprises a DNA sequence encoding 
an amino acid sequence that substantially retains the function and structure. 

Examples of a vector suitable for expression of the fusion protein in an Escherichia coli strain may be bacteri- 
40 ophages such as bacteriophage X or their derivatives, plasmids such as pBR31 7, pBR322 or pUC vectors, or Ml 3-type 
phages and their derivatives, and the like. However, the vector is not particularly limited as long as it contains a replica- 
tion origin and a mai'ker gene in complete forms. The marker gene used herein is not particularly limited as long as it is 
a gene that enables selection and identification based on phenotypic characters of microorganisms transformed by an 
expression plasmid and that preferably enables selection of transformants by providing the microorganisms with resist-. 
45 anceto heavy metals or antibiotics, for example, ampicillin, tetracycline or the like. , ^ 

Examples of an expression regulating sequence for regulating the expression cassette in Escherichia cbli rnay be 
lac or tac promoter, Ipp promoter, trc promoter improved from tac promoter, or pL promoter of phage X. Trp. lac and tac 
promoters may preferably.be used. ^ . 

As a signal sequence used in Escherichia coli, a gene encoding a normally secreted polypeptide may be selected, 
50 for example, ompA, Ipp, rnaltose binding protein, X receptor. or p-lactamase signal sequence, or the like. 

A vector for replication and expression in Saccharomyces cerevisiae is not particularly limited as long as it contains 
a yeast replication origin and a selective gene marker characteristic for yeast. A vector containing a chromosome 
autoreplication sequence (ARS) or a hybrid vector containing a sequence equivalent to yeast 2 n plasmid DNA. or ARS 
and a chromosome centromere sequence, for example, CEN4, may preferably used. .The marker, gene suitable for 
55 yeast is a gene that provides a host with resistance to an antibiotic or, in the case of a nutrient requiring yeast mutant, 
a gene that supplement a damage to a host,' for example, a gene that provides resistance to cycloheximide antibiotic or 
prepares for prototrophy in the nutrient requiring yeast mutant. Preferably a hybrid vector containing a replication origin 
and a maker gene for a bacterial host, particularly, Escherichia coli, which enables production and cloning of a gene 
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encoding a fusion protein in Eschen^^^^ " ; ; : 

.^^ ;Exampl0s of ah expr^^^ sequence suitable for expression in yeast mav be CYC1 rAi 1 /in Pun<. 

^^^^^ 

gen 'iSm^SS:^^^^^ cells, methods normally used in the ,leW o. . . 

•noethyl dextrah (DEAE-Dpw;Eo,S^^^ For example, a calcium phosphate co-precipitation method, a diethylami- 

■ the S mTy s^i awy beSrte^^^^^ r* 'f' -ethod, a virus vector metL or 
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a technique for producing a dinner protein having a disulfide bond," a technique for producing a fusion protein having two 
different functions, or the like. 

Transformed host cells are cultured in a liquid medium containing anabolizable carbon source, nitrogen source and 
inorganic salts by a method known in the field. Escherichia coli^ yeast or mammalian cells, insect cells or the like trans- 

5 formed in accordance with the present invention may be grown or culture in various ordinary cell culture media. Exam- 
ples of the carbon source include, but are not limited to. anoblizable carbohydrates such as glucose, maltose, mannitol, 
lactose, and the like. Examples of the nitrogen source include, but are not Mmited to. amino acids, casamino acids, pep- 
tides, proteins, and their decomposed substances such as trypton or peptone, meat extract, yeast extract, malt extract, 
ammonium salts such as ammonium chloride, ammonium sulfate, ammonium nitrate and the like. Examples of the inor- 

10 ganic salts that may be used are sulfuric acid salts, chlorides, phosphoric acid salts, carbonic acid salts and the like of 
' sodium, potassium, magnesium, and calcium. The medium may further contain vitamins, antibiotics, and the like. These 
ingredients may be suitably used alone or in the form of a mixture. A preferable medium may be a commercially and 
widely available medium or may be prepared by suitably modifying such a medium. . 

To grow or culture the transformahts, methods used in the field may be used. For example, the conditions suitable 

15 for the growth of the transformants, such as pH, temperature, air ventilation, carbon dioxide concentration, frequency of 
medium replacement, and the like, may be suitably determined based on experirhents or the like. 

After growth or culture the transformants. a bioactive fusion protein according to the present invention containing a 
. linker polypeptide or a fusion protein formed by removal of the linker polypeptide through intracellular processing in the 
host cells may be separated and collected by an ordinary procedure. 

20 Example of the separating method are a method utilizing co-precipitation from a culture supernatant with a protein 
precipitating agent, an extraction method using a buffer containing various salts, a solubilization or precipitation method 
using an acid or alkali, an extraction or precipitation method using an organic solvent, a salting-out method using a pro- 
tein precipitating agent such as ammonium sulfate or the like, dialysis, ultra-filtration using a membrane filter, gel filtra- 
tion chromatography, adsorption chromatography, reverse-phase chromatography, affinity chromatography, high speed 

25 liquid chromatography, isoelectric focusing or gel electrophoresis, and the like. These methods or techniques may be 
used alone or in a suitable combination. Purification of a fusion protein containing a linker polypeptide may be per- 
formed by. in addition to the aforementioned methods, affinity chromatography, for example, antibody affinity chroma- 
tography particularly, polyclonal or monoclonal antibody affinity chromatography using ari antibody (which recognizes, 
for example, a linker polypeptide present in the fusion protein) fixed to an insoluble matrix by a method known in the 

30 field. This method may used alone or in a suitable combination. " f 

The bioactive fusion protein produced and purified according to the present invention may be applied to a curative 
medicine or a diagnostic agent, or gene therapy by using a fusion protein expression vector characterized by containing 
a DNA sequence encoding an amino acid sequence of the fusion protein. For example, since interleukln-12 is athet- 
erbdimer composed of two subunits p35 and p40, the two subunits must be simultaneously expressed in order to obtain 

35 a physiological activity Therefore, the conventional methods require that two kinds of expression vectors be incorpo- 
rated but the expression amounts by the vectors vary. Thus it is difficult to obtain transformants into which the two kinds 
of vectors have been incorporated in equal amounts. Moreover, the suburiit p40 of the interleukln-12 (Japanese Patent 
Laid-Open No. Hei 6-329549) and the p40 homodimer (Japanese Patent Laid-Open No. Hei 7-53594), which act as 
antagonist to interleukin-12, are also produced. However, according to the present invention, the heterodimer inter- 
ne leukih-12 can be expressed without allowing expression of the antagonist p40 or p40 homodimer. The fusion protein 
exhibits biological activities similar to those of interleukln-12. for example, reaction with an anti-!L12gp40 monoclonal 
antibody promotion of growth of 2D6 cells, that is, interleukin-12 growth-dependent cells, and the like. Therefore, the 
present invention will provide a gene thisrapeutic method using interleukin-12 with an increased efficiency compared 
- with the conventional art The method of the invention is not limited to interleukin-12, but may also be applied to. other 

45 hetero-dimer proteins and, further, homodimer proteins. , 

the present invention achieves the following advantages. 

By selecting an optimal linker polypeptide for use according the present invention, it becomes possible to efficiently 
produce a novel bioactive fusion protein. For example, a novel protein, a dimer protein of interleukln-2, an IL2-X-IL2 
fusion protein, that does not naturally occur can also be produced. The produced IL2-X-IL2 fusion protein exhibits bio- 
50 logical activities substantially the same as those of interleukin-2, for example, promotion of growth of CTLL-2 cells, that 
is. interleukin-2 growth-dependent cells, and the like. Therefore, it is expected that the IL12gp40-X-IL12gp40 fusion pro- 
tein or the IL2-X-IL2 fusion protein can be used in various disease diagnosis and therapy, such as clinical treatment of 
patients with autoallergic disease such as chronic rheumatism, diabetes and the like, cancer therapy, therapy of virus 
infections, or diagnosis thereof, and the like. 

55 \ ' . . ' ' : - ' . ■ : ' ' ■ . 

EXAMPLES 

The present invention will be described further in detail with reference to examples. The examples are rrterely for 
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EXAMPLE i ISOLATION OF. LINKER POLYPEPTIDE (1) ■ . -\ * ' ■ ' / 

. Use of insulin C ch^^ . V . : 

in accordance with a method described in ISOGfS^ total RN A was prepared from mouse pancreas 

fragments of about 1 1 0 iseS s ?hrouah ^ and insulin type II Cchain DNA 

. After blunting and PhosphrySu^ a'coT^^^^ ^--'f^^^' P-^'ed. 

DNA fragments were inserted Into the clonina vTcto ou?i^ f h!^^ Pharmacia Kabushiki Gaisha).,the 

of plasmid DNA using an automatic plasmid extrJinr(pi^n^T^,r ^ ''"^ ^ 'lours followed by preparation 

and type II C chainfare indSSS al s^rncf^^^^ '^"'^ strands of the thus^obtained insulin.type^ 

. there^areindicat^lSSSS^^S'^^^^ 

EXAMPLE ? ISOLATION OF LINKER POLYPEPTIDE (1) (2) V 

n^^l^::^^^ .inKe;i,ypeptides: .hr;:^ 

(Manlatis et al , MolecL Cloning 2nd S 

Stui restriction enzyme at 3 7° C for 2 hS ^ThrS lo^rnJLf ! ^ ^''^^ reacted with20 units of the 

. pairs were isolated and purified ^ ^ agarose gel electrophoresis, DNA fragments of about i 00 base . 

A StuI restriction enzyme site was introduced between the BamHi anH YK= I * 
vector PUV18 to prepare a new vector pUC18(Stun which wa^^^^^^ enzyme sites of the cloning:, 

ylated by alkali phosphatase. Using the ligation krt?TakraShuzo i?l^^^^^ ^"^^"^^ dephosphor- 

into the pUCl8(Stul) After transfornS«on nf ro^l ! f Z Q^isha); the DNA fragments were inserted- 

preparation of plasmid DNA using an automatic plasnS eSLtt fpMn^K ® followed by 

Then, presence/absence of insert^raamems wat r^^^^T^ ^ ° Kurash,}^ BpuseW Kabushiki Gaishaj. 
to eight clones wherein preseS ST^r"^^^^^^ ^e Pvull restriction enzyme! With regard 

EXAMPLE 3 CONSTRUCTION OF ILr2gp40-X-IL12gp35 (1) • ' V ; ' ' ; Z'' . 

were obtained. The cells were culSSTa ?(^ Frc.T^^ 

in the presence of 5% ca*?n dio^S^ or 2^ hturf A^^^ 1% pork weed mitogen at 37oC ' . 

pared in accordance with the r^emS SibX IS^^^^^^^ '^^^ 

sfrandcDNAaJltem5ateaSS-~ 
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Nos. 8, 9 and 10, 11, PGR was performed (reaction conditions: 32 cycles of 94°C, Imin -> 63**C, 2min -> 72**C, 4 min. 
reaction mixture composition: 2.5 units of Ex Taq (Takara Shuzo kabushiki Gaisha), 1x Ex Taq Buffer, 0.2 mM dNTP. 
' total 50 ^L). thereby simultaneously amplifying pg40 cDNA fragments and gp35 cDNA fragments not containing a gp35 
* signal sequence. Blunting and phosphorylation were performed using a commercially available kit (SureClone. Phar- 

5 macia Kabushiki Gaisha). After being isolated and purified through agarose gel electrophoresis, the DNA fragments 
were inserted into the cloning vector pUCiS (cut with the Smal restriction enzyme and treated with alkali phosphatase) 
of the SureClone kit (Pharmacia Kabushiki Gaisha) using a ligation kit (Takara Shuzo Kabushiki Gaisha): After transfor- 
mation of competent cell Escherichia coli JM 1 09 (Takara Shuzo Kabushiki Gaisha), the recombinant was left in an agar 
medium containing 100 pg/mL of ampicitlin, 0.4 mM of IPTG and 40 ^g/mL of X-gal at 37°C overnight for selection. 

10 Then, ten white colonies were selected from each clone and cultured at 37*'C for 6 hours followed by preparation of 
plasmid DNA using an autorriatic plasmid extractor (Pl-100 by Kurashiki Bouseki Kabushiki Gaisha). The gp40 clone 
was digested with the Pvull restriction enzyme, and the gp35 clone was digest with the Xbal restriction' enzyme. The 
size and direction of the insert fragments were analyzed by agarose gel electrophoresis. VVith respect to three of each 
clone having cDNA fragments inserted in a suitable direction, the nucleotide sequences were analyzed using ABI 373 A 

15 DNA Sequencer (Perkin Elmer Kabushiki Gaisha). thereby determining clones (gp40+S/pUCl8 and gp35-S/pUG18) 
having a target cDNA fragment and having no mutation (Fig. 1). 

The gp35-S/pUC 18 clone was digested with the EcoRI restriction enzyme, and blunted and phosphorytated using 
a commercially available kit (Pharmacia Kabushiki Gaisha), and then cut with the Htndlll restriction enzyme. Through 
agarose gel electrophoresis. DNA fragment (about 800 base pair) was isolated and purified. The gp40+S/pUCl 8 was 

20 cut with the Hindll and Hindlll restriction enzymes. After dephosphorylati on of the gp40+S/pUG18 by alkali phos- 
phatase, the .gp35-S fragment was inserted into the gp40+S/pUC18 vector using the ligation.kit (Takara Shuzo 
Kabushiki Gaisha). After transformation of competent cell Escherichia coli JM 109 (Takara Shuzo Kabushiki Gaisha). 
the recombinant was left in an agar medium containing 100 ^g/mL of ampicillin at 37**C overnight for selection. Eight 
colonies obtained were cultured at 37.°G for 6 hours followed by preparation of plasmid DNA using an automatic plasmid 

25 extractor (PMOO by Kurashiki Bouseki Kabushiki Gaisha). Then, presence/absence of insert fragments was confirmed 
by incision with the BamHI restriction enzyme, thereby producing gp40-gp35 clone. Fig. 1 illustrates the overall experi- 
ment procedure. 



30 



EXAMPLE 4 CONSTRUGTION OF1L12gp40-X-IL12gp35 (2) 



The two types of clones obtained in Example 1 were cut with the StuI and SnaBI restriction enzymes. Through aga- 
rose gel electrophoresis. DNA fragments of about 100 base pairs (insulin type I G chain) and about 110 base pairs 
(insulin type II C chain) were isolated and purified. ^. 1% 
The gp40-gp35 clone obtained in Example 3 was digested with the SnaBI and Smal restriction enzymes, and. 

35 dephosphorylated by alkali phosphatase. After insertion of the aforementioned DNA fragments using the ligation kit 
(Takara Shuzo Kabushiki Gaisha). competent cell Escherichia coli JM109 (Takara Shuzo Kabushiki Gaisha) was trans- 
formed, The recombinant was left in an agar medium containing 1 00 Mg/mL of ampicillin at 37°C overnight for sel^tion. 
Then, ten colonies were selected and cultured at 37°C for six hours followed by preparation of plasmid DNA using an 
automatic plasmid extractor (Pl-100 by Kurashiki Bouseki Kabushiki Gaisha). Presence/absence of insert fragments 

40 was confirmed by digestion with the BamHI restriction enzyme, and the nucleotide sequence was analyzed using ABI 
373A DNA Sequencer (Perkin Elmer Kabushiki Gaisha), thereby confirming clones (InsGI-C. N/pUG18; InsCII-G. ' 
N/pUCl8) containing inserts of insulin type I G chain and type II G chain in forward or reverse direction. Figs. 2-9 illus- 
trate the experiment procedures. In short. lnsl-N/pUG18, InsGII-N/pUGl 8 containing as linker polypeptides the amino 
acid sequences of the sense strands of insulin type I G chain and type II G chain indicated as Sequence Nos. 1. 2. and 

45 lnsl-C/pUGl8. lnsGll-G/pUG18 containing as linker polypeptides the amino acid sequences of the anti-sense strands 
of insulin type I C chain and type II C chain indicated as Sequence Nos. 3. 4 were constructed. 

EXAMPLE 5 CONSTRUGTION OF IL12gp40-X>lL12gp35 (3) 

50 The clone obtained in Example 2 wa[s digested with the Stul restriction enzyrne. Through agarose gel electrophore- 
sis. DNA fragments of about 100 base pairs were isolated and purified. 

The gp40-gp35 clone obtained in Example 3 was cut with the SnaBI and Smal restriction enzymes, and dephos- 
phorylated by alkali phosphatase. After insertion of the aforementioned DNA fragments using the ligation kit (Takara 
Shuzo Kabushiki Gaisha), competent cell Escherichia coli JM109 (Takara Shuzo kabushiki Gaisha) was transformed.- 

55 The recombinant was left in an agar medium containing 100 ^ig/mL of ampicillin at 37°C overnight for selection: Then, 
ten colonies were selected and cultured at 37°C for six hours followed by preparation of plasmid DNA using an auto- 
matic plasmid extractor (Pl-lOO by Kurashiki Bouseki Kabushiki Gaisha). Presence/absence of insert fragments was 
confirmed by digestion with the BamHI restriction enzyme, and the nucleotide sequence was analyzed using ABI 373A 
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taining:as a linker poiypS^ide thVam no a^^^^ ^''^^'"^'^ procedures: In short. E. coii.N/pUGl8 con- 

■ SeqUence Nd 5 wasinsrcJeJ^^^^^^^^^^^^^^^ Escherichia coli genome indicated as 

. EMMPLE:gE)!:PRESS^^^^ ^ , : ? : : 

10 Similarly, an eukaryotic cell XSon v^tor oLr^^^Phf the.ndividual clones were- isolated and purrfied. 

enzyme, and dephosphorylaSrbTrrnhn^^^^^^^ ^ "^""^ ^^^'^^ "^"^ the BamHI restriction 

, inserted into the ve?S^S a iga^^ 

EscherichiacolidM109(TakLshuSuIwwSa?^^^^ 

pg/mL of ampicillin at sic olerSnorfeSo^S^ ^" agar medium containing 100 ' 

75 cultured at 37^C for 6 hours fonoS by ptSon^^otesm^^^^^^^ ^^^^^ ^^^Q""^"* '^P^ 

Kurashiki Bouseki Kabushiki Gai^ha) Then W^^^^^^^^^ 
• digestion With , the^ S^^^^^^^^ 

» ibie from a single read1Srr^e (R^^^^^ Kabush.k, Ga.sha). thereby confirming that a fusion protein was prcKluc- 

the Ss'SdSTm^LpS. iSS .er^plate andusing 20 pmo. df each of ' 
: and 13. PCnlas pe.;mS"^rSS"S^^ 

tor pUClB (digested with the Sm;,i ^octrT^^l . ^^""^"'^ ^^^^ ■ 

(Pharmacia KaSht-Ga s a) u^Tg aTgSn kit Sa S P-^-P^atase) of the SureClone kit 

cell Escherichia coli JM 109 (TaSra ShSo Kl;^^^^ Shuzo Kabush.k. Ga.sha), After transforriiation of competent 
100,g/mL Of ampiciS ^^^^^^S^S^^^;^^ 'f ?^ar medium containing ; : 
for each were selected and cultured at ayi for fi hni.^ctn Z ^ selection. Then, ten white colonies 

plasmid extractor (PIOOO by Sik^ouseW 4bS^^^^^^ DNA using an automatic 

analyzed bydigest on of the gpr^onL S s.ze and direction of inserts fragments were . 

enzyme follow^ by agarose^ el elSSesJ 2 rSr^rr''"]^ ^'^^ ^'^'^ 

able directions, meUeotiderlquST^^^^^^^^ 

sha), thereby determining cloneT(aD40/DU^isTH «^^/ nnff. 373A DNA Sequencer (Perk.n Elmer KabushiW Gai- 
no mutation ■iT^e obtain^. tSo donffS^^re^^^ 

800 base pairs were isolated and punlie^ rom e^cfcSe I^^^^ P r'^""^- fragments pf about 

cell expression vector pSVL (Pha^maS Sbushi^ r^r.hS ^ agarose gel electrophoresis. Similarly, an eJkaryotic - 
Phorylation by alkali PhSphitaS wL p^^^^^^^ f -^^-e. and dephos- 

using a ligation kit (Takara Shuzo kabushlS SfhJ h.fo^llT ^ . fragments were inserted into the. vector . 
(Takara Shuzo Kabushiki GaS ^eSSr^bSlf^^^^^^ °' """^P^'^"* cell Escherichia coli JM 109 

37<>C overnight for selection ?h£, ten .Q/mL of ampicillin at ■ - 

hours followed by preparation of olasn^S DNA uln 1 =^ . ^ '^^""^^ ""^ cultured at sy-C for 6 
Kabushik. Gaisha) TSrpreseliS^^^ 

Xbai restriction enzyrr^J^thr^rolS?^^^ 1^./ <^i9estion With th. . 

thenI^;SSSS^ 
EXAMPLE 7 EXPRESSION OF lLl2gp40-X-ILl2gp35 (2) ■ . ' ' ' v • ' : . 

cols in Molecular Biology (1991) 16 13- ARAI M»nkn hZ3^T < ^f^) 16.41-46; Sharp et al.. Current Proto- 
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at .37°C in the presence of 5% carbon dioxide for 4 hours, the solution was removed and the cells were washed twice 
with 10 mLof PBS(-). After 20mL of a non-serum medium DMEM/F-12-0.5% NS (Boehringer Mannheim) -kanamycin 
was added, the cells were cultured at 37°C in the presence of 5% carbon dioxide for 6 days. Subsequent to the culture, 
each cell supernatant was collected and subjected to filter-sterilization through 0.22 filters. The thus-obtained cell 
supernatants were used as samples for bioassay. 

EXAMPLE 8 EXPRESSION OF IL12'ap40-X-IL12QD35 (3) ^ 

Using the samples obtained in Example 7, 2D6 assay was performed. 100 of the serial dilutions of the samples 
obtained in Example 7 and 2D6 cells (5 x 103 cells/100 ^ll/well), which exhibit growth quantitatively dependent on IL12, 
were placed in each well of 96-well microplates, and then cujtured at 37°C in the presence of 5% carbon dioxide for 36 
hours. [3H]-Thymidine (1 8.5 kBq/well) was added 8 hours before the end of culture in order to measure and detect the 
amount of radio activity taken into the cells as an index of the growth reaction. As the diluent and culture solution. 10% 
FCS-containing RPMI1640 was used (Fig. 12). 

Results showed that the cell supernatant (InsCI-C/pSVL and InsCli-C/pSVL) wherein fusion proteins having 
reversely inserted insulin C chains were expressed, exhibited growth activities 60-70 times as much as that of the cell 
supernatant obtained by a co-transfection method using gp35/pSVL and gp40/pSVL. Similarly, the cell supernatant 
(InsCI-N/pSVL, InsCII-N/pSVLand E. coli-N/pSVL) wherein fusion proteins having insulin C chain inserts in the forward 
direction and fusiori proteinis having Escherichia coli DNA inserts were expressed, exhibited growth activities 30-40 
times and 20 times, respectively, as great as that of the cell supernatants obtained by a co-transfection method. 

EXAMPLE 9 EXPRESSION OF IL12gp4Q-X-IL12gp35 (4) 

SDS polyacrylamide gel electrophoresis of. the samples obtained in Example 7 was performed under reducing and 
non-reducing conditions, followed by western blotting with a rat anti-gp40 monoclonal antibody (Fig. 13 and 14). The 
culture solution obtained in Example 7 was concentrated ten times by centrifugation-filtration using Centricon-30 (Ami- 
con), and then denatured at 95*'C,for 5 minutes by adding ah equal amount of 2x sample buffer (0.1 25M TrIs-CI. 40% 
SDS, 0"02% Bromophenol Blue). After each sample was subjected to 10% polyacrylamide gel electrophoresis under 
non-reducing conditions (without 6%y/v p-mercaptoethanol in the electrophoresis buffer) and reducing (with 6%v/v p- 
mercaptoethanol added in the electrophoresis buffer), blotting to nmembranes was performed followed by reaction-wlth 
rat anti-gp40 monoclonal antibody (supplied from Wistar Institute) and then with mouse anti-rat Ig Ck chain. Then. 
2.000-fold diluted Protein A-HRP (Amersham) was added for color development, thereby detecting bands in the vicinity 
of 80 kDa and 40-50 kDa in both the fusion proteins having reversely or forwardly-directed inserts of insulin C chains 
(InsCI-N/pSVL. InsCII-N/pSVL or InsCI-C/pSVL, InsCII-C/pSVL) and the fusion proteins having Escherichia coli DNA 
Inserts (E. coli-N-pSVL) under the non-reducing conditions. However, in the fusion proteins having forwardly-directed 
inserts of insulin C chains (InsCI-N/pSVL, InsCH-N/pSVL), the bands shifted to 40-50 kDa under the reducing condi- 
tions, indicating that these fusion proteins did not have a linker polypeptide according to the present invention but that 
a heterodimer of gp35 and gp40 was formed by disulfide bonds between the subunlts. On the other hand, in the fusion 
proteins having reverse inserts of insulin C chains (InsCI-C/pSVL, InsCII-C/pSVL, and E. coli-N-pSVL), the band posi- . 
tions did not change in the reducing conditions, indicating that the two subunits.of the fusion proteins were joined by 
linker polypeptides (Fig. 14). : , ' 

EXAMPLE 10 CONSTRUCTION OF IL2-X-IL2 (1) • , - . 

To produce a fusion protein employing a linker polypeptide X, production of a fusion protein of interleukin-2, which 
acts in a monomer, was examined. After Jurkat cells, that Is, human-derived T cells, were stimulated with concanavalin 
A (Taniguchi et aL, Nature 302, p305 (1983)). total RNA was prepared in accordance with a method described in ISO- 
GEN (Nippon Gene Kabushiki Galsha), Using 1 ^g of the total RNA as a template and oligo(dT)^5 as a primer, .1st 
strand cDNA was synthesized ip accordance with a procedure described in Superscript Preamplification System (Life 
Technologies Inc.). Using 1/20 amounts of the synthesized 1st strand cDNA as a template and 20 prriol of each of the 
primers specific to the inter|eukin-2 Indicated as Sequence Nos. 14-17, PCR was performed (reaction conditions: 32 
cycles of 94**C, 30sec -> 55*'C, Imin -> 72**C, 2 min. reaction mixture composition: 2.5 units of Ex.Taq (Takara Shuzo 
Kabushiki Gaisha), 1x Ex Taq Buffer. 0.2 mM dNTP. total 50 |.iL), thereby amplifying cDNA fragments containing inter- 
leukin-2 signal sequence regions and cDNA containing no such signal sequence region. Blunting and phosphorylation 
were performed using a commercially available kit (SureClone, Pharmacia Kabushiki Gaisha). After isolation and puri- 
fication through agarose gel electrophoresis, the DNA fragments were inserted Into the cloning vector pUCi 8 (digested 
with the Smal restriction enzyme and treated with alkali phosphatase) of the SureClone kit (Pharmacia Kabushiki Gai- 
sha) using a ligation kit (Takara Shuzo Kabushiki Gaisha). After transformation of competent cell Escherichia coli JM 
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and cultured at syr w r ho 7,,^ 11 selection, Then, ten white colonies for each were selected 

bTKS.^LsekiKbus°^^^^^^^^^^^ 
the Pvul. restriction enJy^ltn^^^^^^^^ 
■ desired insert fragments, the nucleotide sequencS wl^^^^^^^^^^ °' ^^t*"^' '"""^ 

Katxjshiki Gaisha). thereby determining clones (ll^+S/pUCiraSi^^^^ Sequencer (Perkin Elmer 

' ments and no mutation (Fig. 15). UL^+b/puci8 and IL2.S/pUCl8) containing desired cDNA insert frag- 

EXAMPLE 1 1 CONSTRUCTION OF IL2-X-IL2 (2) 

desirea fiagmenls (Eigs, 16.23). In short. IL2/lns |.N/buC18 \l.2l\^aWrI[r^ll^'^^^^'S' "^"9 

EXAMPLE 12 CONSTRUCTION OF IL2.X-IL2 (3) 

analyzM uang using ABI 373A DNA Sequencer (Perkin Elmer Kabushiw r.kh., '"^ "^"^ "«» 

teins were producible from single readirSfrai^i (H^ ll^ST " ""^ 

.1. prerjSiomrer .is^^^^ 



30 2 



35 



BNSDOCID: <EP_L_0816510A1_L> / 



45 



EP 0 816 510 A1 



preparation of plasmid DNA using an automatic plasmid extractor (PI-100 by Kurashiki Bouseki Kabushiki Gaisha). 
Then, presence/absence of insert fragments was confirmed by digestion with the Pvull restriction enzyme followed by 
agarose gel electrophoresis. With regard to four clones having the desired, insert fragments, the nucleotide sequences 
were analyzed using ABI 373A DNA Sequencer (Perkin Elmer Kabushiki Gaisha), thereby determining clones 

5 (IL2/pUC1 8) containing the desired cDNA insert fragments and no mutation. The obtained clones were cut with the PstI 
and Kpnl, and DNA fragments (about 450 base pairs) were isolated and purified through agarose gel electrophoresis. 
Using the ligation kit (Takara Shuzo Kabushiki Gaisha), the DNA fragments were inserted into pSRa that has been 
digested with the PstI and Kpn! restriction enzymes and dephosphorylated by alkali phosphatase (Takabe et a., Mol. 
Cell Biol., 8, 466(1988)) for transformation of competent cell Escherichia coli JM 109 (Takara Shuzo Kabushiki Gaisha). 

w The recombinant was then left in an agar medium containing 100 ^ig/mL of ampicillin at 37°C overnight for' selection. 
Then, five colonies were selected and cultured at 37°C for 6 hours followed by preparation of plasmid DNA using an 
automatic plasmid extractor (PI-100 by Kurashiki Bouseki Kabushiki Gaisha). Presence/absence of insert fragments - 
was confirmed by digestion with the Xbal restriction enzyme, thereby obtaining IL2/pSRa. 

Large amounts of .DNA were prepared from the thus-obtained five types of clones by an alkali-SDS method (Mani-* 

15 atis et al.. Molecular Cloning 2nd edition (1989) 1 .38-39). and used as mammalian cell transforming DNA. 

EXAMPLE 13 EXPRESSION OF IL2-X-IL2 (2) 

Using the DNA prepared in Example 12 and pSRa as a control^ COS cells were transformed by a DEAE-Dextran 
20 method (Maniatis et a!.. Molecular Cloning 2nd edition (1989) 16.41-46; Sharp et al., Current Protocols in Molecular 
Biology (1991) .16.13; ARAI-Naoko, Genetic Engineering Handbook (1992) 194-198). In accordance with a normal 
method, a solution obtained by mixing 4.45 mL of a RPMI-2%FCS-50^M p- mercaptoethanol-kanamycin solution, 0.25 
mL of 1M Tris-CI. 0.2 mL of 20- mg/mL DEAE-Dextran (Pharmacia Kabushiki Gaisha). 10 ^ig of DNA and 10 ^L of 100 
mM chloroxine. was added.to sub-confluent COS cells (about 1 x 10^ cells) on 90 mm-plates. After culture at 37*^0 in 
25 the presence of 5% carbon dioxide for 4 hours, the solution was removed and the cells were washed twice with 1 0 mL 
of PBS(-). After 20mL of a non-serum medium DMEM/F-1 2-0.5% NS (Boehringer Mannheim)-kanamycin was added. 
. the cells were cultured at 37°C in the presence of 5% carbon dioxide for 6 days. Subsequent to the culture, each cell 
■ supernatant was collected and subjected to filter-sterilization through 0.22 jim filters. The thus-obtained cell superna- 
tants were used as sarhples for bio-assay. V 

30 ' \ ^ . ' , ■ . . ' ■ 

. EXAMPLE 14 EXPRESSION OF IL2-X-IL2 (3^ . . 

The IL2-X-IL2 fusion proteins present in the samples obtained in Example 13 were measured by a biological activ- 
ity measurement method (bioassay method) (Mosmann et al.. Immunolo. Methods. 65. 55(1983), Sugawara et al.. 

35 IGAKU NO AYUMI(Develppment of Medical Science). 128.9 and 733(1984). and the like). 50 ^iL of the serial dilutions 
of the samples obtained in Example 13 and CTLL-2 cells (1 x 104 cells/50 ^I/well), interleukin-2 dependent cll line, .were 
placed in each well of 96-well microplates, and then cultured at 37°G in the presence of 5% carbon dioxide for 72 hours. 
Then, 20 ^L of 3-(4,5 dimethyl thiazol-z-yl)2,5-dephenyl tetrazolium bromide (MTT) was added, and the culture was left 
overnight at 37°C in the presence of 5% carbon dioxide. Then, 100 ^L of 10% sodium dodecyl sulfate (SDS) solution. 

40 adjusted by 0.01 M hydrochloric acid was added, and the culture was left overnight at 37*'C in the presence of 5% car- 
bon dioxide. On the next day. using a microplate reader (Bio Rad, MODEL 3550), dark-blue formazan formed from MTT 
was measured by absorption at 595nm (from which the background absorption measured at 655 nm was subtracted), 
for ah index of the growth reaction. As the diluent and culture solution.^a medium obtained by adding 50 mM p-mercap- 
toethanol to 10% FCS-containing RPMI 1640 was used (Fig. 24). 



EXAMPLE 15 EXPRESSION OF IL2-X-IL2 (4) 



The samples obtained in Exanlple 13 were concentrated ten times, and then subjected to SDiS polyacrylamide gel 
electrophoresis (Figs. 25 and 26). First, the culture solution obtained in Example 1 3 was concentrated ten times by cen- 

50 trifugation-filtratiori using Ultra Free-C3LCC (Nippon Miilipore Kogyo Kabushiki Gaisha). After 0.1 |iL of 14.4 |.iM p-mer- 
captoethanbl was added to the total volume of 20 |iL. denaturalization was performed at 95°C for 5 minutes by adding 
an equal volume of 2x sample buffer (0;i25M Tris-CI. 40% SDS, 0.02% Bromophenol Blue). Each sample was sub- 
jected to electrophoresis (rated voltage of 130V. 2 hours) on 4-20% concentration gradient precast gel (Tefco Kabushiki 
Gaisha). Proteins were detected by Coomassie staining method. Comparison of results indicated that.'as for the'fusion 

55 proteins (IL2/lns iC-N/pSRa, IL2/lns IIC-N/pSRa) having forwardly-inserted insulin C chains and the fusion proteins 
(IL2/lns IC-C/pSRa, IL2/lns IIC-C/pSRa) having reversely-inserted insulin C chains. IL2-X-IL2 fusion proteins contain- 
ing linker polypeptide therein were produced regardless of the direction of the insulin C chain, unlike the dimer protein 
. interleukin-1 2 described in Exarriple 9. 
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EXAMPLE: 1 6 PRODUCTION OF ii:i2gp4Q-X. Ill 2gp4Q/pSRa - ^ : • - V. 

an agar mMlum rahtaining 100 „9/mL « ampMn^nfsM « S^C fc ^ * 

msC and 9P35 »*a1raS ^Sr^SSA^MT'r™'" "ITT 9P40 ana l„sC ana ba»aen 

ampicillin overnight at 37°C for selection^Prf , u ^" ^^^^ containing 100 ng/mL of 

37°C for 6 hours folSwL by^prS^^^^ °' DNA fragrr,em type were selected and cultured at . 
Bouseki Kabushiki GaTsC Tr?^^^^^ automatic plasmid extractor (P.- 100 by Kurashiki 

tbe Xbal andH..,, ristric.ooSS:;:r^^ 

.oiJiSSS^-^^ 

EXAMPLE 17 EXPRESSION OF lLl2gp40-X- IL12gp40/pSR« ^ ^ , 
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was used. 



Results showed that as for the expression of fusion proteins (InsCI-C, InsCll-C) having reversely inserted insulin C 
chains, the proteins can be prepared by using the expression vector pSRa with yields 6-10 tinnes as high as that 
achieved by using pSVL Similarly, as for the fusion proteins (InsCI-N, InsCII-N) having insulin C chain inserts in the for- 
5 ward direction and the fusion proteins (E. coll-N) having Escherichia coli DNA inserts, the proteins can be produced by 
using the expression vector pSRa with yields about 6-13 times as high as that achieved by using pSVL. 

Therefore, it has become clear that the fusion protein according to the present invention can be produced with an 
increased yield by using the expression vector pSRa. ^ " 

10 INDUSTRIAL APPLICABILITY 

The bioactive fusion protein produced and purified by the present invention can applied to therapeutic or diagnostic 
agents or can be applied to gene therapy using the fusion protein expression vector characterized by containing a DNA 
sequence encoding an amino acid sequence of the fusion protein. 
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SEQUEN CE TAR I F ■ 



■• ■ Length of Sequence • 31 • , ' / 

Type of Sequence: Amino acid . V 
Topo logy: Linear 

' . Ty f>e 0 f -,Seq ue n-ce4 ~= Pep H f '^■■K •■ - 

15 - - , ■ Ch a F'a c t e r s - .; ; '. '• ■ , 

Symbo l Repr ese.n ri ng' Cha r acfe rs: Reg i 

'LO'Ca t i-pn,:';; 'i. .33 • _ ■; 

Other In forma t ion: /Na t e= i i n k e r po I y pep t i de 
Sequence" ' . ;. ' ■ -, ' ' ' '-; ' 

25 . : Arg Arg Glu Val G I u A sp P rd I Va I G I u G V n L eu ; G^^^^^^^ 



. Gly. Ser Pro' Gly Asp. Leu Gin Thr Leii Ala Leu Glu Val Al,a Arg 

■Gin Lys Arg ; " \ \-' '■' ' . 

Sequence No. 2 

Length of Sequence: 35 : 
Type of Sequence;: Amino acid ^ 
Topology: Linear 

Type o f Sequence : Pep t i de H ; ; ^ 

Characters 

Symbo I Rep resent i ng Charac ters : Region 
Loca t i on : .1. . 3 5 ■ 
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0 t h e r I n f 0 r ma t i 0 n ; /No te= Linker polypeptide 
Sequence 

Arg Arg Glu Val Glu Asp Pro Gin Vai Ala Gin Leu Glu Leu Gly. 

^0 - 

Gly Gly Pro G I y A I a G I y Asp Leu Gin Thr Leu Ala Leu Glu Val 

20. 30 
A I a A rg G I n L y s A r g 



Sequence No. 3 
L e ng I h . 0 f S eq uen c e : 3 4 
T y p e 0 f " S e q u e n c e : A m i n 0 a c i d 
Topology: Linear 
Ty pe ,0 f S e q u e n c e : Peptide 
Characters 

S.y mbo.l ,R ep r e s e n t i ng C h a r a c t e r s : Region 
Location: 1 . . 34 , 

0 t h er I n f 0 r ma t i 0 n : /No t e= . L i n k e r polypept ide 
Sequence 

Pro Phe Ala Ser Ala Gly Gin Pro Pro Thr Pro Arg Ser Glu Gly 

40 ' - . ; " ',10 

ProArg GlyPhe Leu ProAlaPro ValValProLeuAla Gly Pro 
. ^ 20 30 

Pro Leu L e u T y r 
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/ .Length of ^Sequencer,. 36 , 
■ Type o f Sequence : Atni no acid; 

Topology: Linear ; 
Type of Sequence : Pep t i de 

. ^ ■..-Characters' . ,"' ■ - • .■ Xry ' - 

15 ■ : ' Represent i ng Charac ters \ Region, 

;Ioca,t 1:0 n; / ^ ' ' v;-.. 

; P t h e;r I n f 0 rma t i on ; /No te= L i nke r: po I y p^ 

•■;Se-quence/ ,. ' •"■^ - ■ r:. ■\. , 

: ..1^ Phe. AJa' Ser A J a . G I y G I n; Pr 0 Pro VaV Pro Arg SerGlu. Gly; 

25 . --^ -^^ " , ^ ' ' : lo ■ ^ , ^ 

. V : Hiv GlyLeu His Pro Ala Pro -VVr V a I P ro u-A I a 



IGly Pr,6 Pro Leu Leu ty 



r 



Sequence No. 5 ' . .." 

Length of Sequence : 3 1 , 

Type 0 f Sequence : Am i no ac i d . ; . 

Topo I ogy : L i near ' 
Type of Sequence : Peptide. 
Cha r ac t e r s ; ' 

Sym bo I Re p r e s e n t i n g C h a ra c t e r s : Region X ' 
Loca t i on : . 1 . .31 - " : , . - '•• . 

. / O t he r I nf o rma t i on /Nbt e^ V I ypep ti de 
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Sequence 

Pro Tyr Asn.Cys Trp Arg Pro Val Gly Arg lie Arg His Leu CYs 

, 10 

Arg Me Arg Gin Se r Met P r o As p Ala Th r Leu S e r Arg Le u II e 

20 . 3 0 

Arg 

Sequence No. 6 , 

Lengthof Sequence: 24 

Type 0 f S equ e n c e ; Nucleic acid 

Number of S t r a n d s : S i n g I e strand 

Topo I ogy : Linear 

Type of Sequence: Other nucleic acid, Synthetic DN A 
Sequence 

TTACGTAGAG AAGTGGAGGA CCCG 



Sequence No. 7 
Length of Sequence: 24 
Type 0 f Sequence : Nucleic acid 
i .Number of Strands: Single strand 
Topo I ogy : Linear 

Type of Sequence: Other nucleic acid, Synthetic DNA 
Sequence 

AGGCCTTCGC TTCTGCCGGG CAAC 
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-'Saque nee 'No:' 's . ■ .•■ 

Is - '^ ^^"^^^ • ;■ •. ' 

■. • T7 Nuc leic, acid. ; ' 

Tp'poj q.i;y ^ , ^Li ne,ar\' . V ■ : 

■ , > -Type Sequence;:; :o.t^ nuc I e i c ^ac i d/' "sy n t h et i c DNA 

,5 i TGCGGATCeG ACCAGGCAGC TCGC 

.■./Sequence Nd.'" 9, ' " ■ ' ^ 

l-eng.th of Sequence: 23 '.' V--- 
Type of; Sequence:' Nuc I evicaci d ^ 
Number of Strands : S i ngle strand : .. : 

' : Topo J.ogy : ..Lln'ea r '\- .\ .." ;■.:''; 

Type of S acid. Synthetic DNA 

^° ■' . ; Seq.u-ence' • - . . . • ; , • 

- / ^ AieceGGGAT CGGACCCTGC AGG, 



20 



.25 



35 



40 



45 



50 



Sequence No. .10 ■ 

length of -Sequence : 24 ■ 

Type of Sequence; Nucleic^ acid \: ; ; \ 

Number .of Strands: S ingle strand 

■To.pol.o'gy r : Liinear 'r.' ' ■ V : ■ ; V': ' ^'' 1, 

Type of S.^quencer' Oth^^ a c i d, Sy n t h e t i c DMA 

Sepue■nce-.^':■;:■■ 

TACGTAaHc GAGICTCTGG ACCT^^^^^ 
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Sequence No. 1 1 

Length of Sequence: 27 

Type o f Sequence : Nuc I e i c ac i d 

Number of Strands: Single strand 

Topo logy: Linear 

Type of Sequence; Other nucleic acid, Synthetic DNA 
Sequence 

TTCGGATCCT CCTATCTGTG TGAGGAG 

Sequence No. 12 

L e n g t h 0 f S e q u e n c e : 2 4 

Type of Sequence: Nucleic acid 

Number of Strands: Single strand 

Topo I ogy : L i n ea r 

Type of Sequence: 0 t h e r n u c I e i c acid. Synthetic DNA 
Sequence 

CAACGTTGGA TCCTAGAATC GGAC - 



Sequence No. 1 3 
Length of Sequence: 27 
Type 0 f Sequence : Nucleic acid 
Number o f S t rands : Single s t r-and 
Topo I ogy : L i near 

Type of Sequence: Other nucleic acid, Synthetic DNA 
50 Sequence 



'55 



21 

BNSDOCID: <EP_0816510A1J_> ' 



EPO 816 510 A1 



10 ; 



■75 



20, 



25 



.35 



40 



45 




■ GAGGGATCCT CCTGGGAAAG TCTGCCG v . , -■■ 

Sequence No; 1 4^^ ^^^^^ ^ ^C^^^ ^ ^^^^ ' ■ 

Length p f ■ S.equ en ce : 28 — . 1 

Type of- Sequence : Nu c l e i c a c i d • ^ - .; ; ' 

ff" °i S t rands : S i n g I je s t r a n r. • : J 1 1 J, . 1:1. 

Topo,logy: Linear 

Type of Sequence: Othe 

/Sequence'.'"' - ;. ■■■„':.•„; \. ■■.'■ ■ .,}.■ ■':' 

^ TCTGCAGTGC AAAGATGTAC /AGGATGCA 



Sequence No, 15 ■ . > • 

Lengthof Sequence: 25 
; : """ype 0 ^ Sequence : -:Nuc I eic ax i d ^ : 
^: : ^ /Number; p^^^^ S t^rands i S i ng I e' t ra nd ■, " ; ' ' 

Tppo;iogy>:- 'Li n-^a r/- ; .-^v ; ■ 

Type of sequence:- 0 
Sequence 

: : TTCCCGGGTC AGTGTTGAGA TGATG^^ ■ ■ ^ ^ 



Sequence No; 16 ■ 
: Length of Sequence : 24 \ : 
Type of Sequence : Nuc I e i c ac i d ; 
Number vo f Strands Single strand 
50 - Topo logy : V L i near ■ 
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Type of Sequence: Other nucleic acid, Synthetic DNA 
Sequence 

AACTGCGCAC CTACTTCAAG TTCT. 

Sequence No. 1 7 

Length ofSequence: 28 

Type of Sequence: Nucleic acid 

Number of Strands: Single strand 

Topo I ogy : L i n ea r 

Type of Sequence: 0 t h e r n u c I e i c a c i d. Synthetic DNA 
Sequence 

AGCGGTACCT TATCAAGTCA GTGTTGAG 
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SEQUENCE. LISTi:>IG. 



•(1) GENERAL INFORMATION:.' ' • '• ' ' ] .V..' ■ ' • ■■ . • 

■ ' (i) APPLICANT:. . ■ ■ ' ,. .. " " ■ ■ • 

■ • (bI ^^1=;^''°^'' INDUSTRIES, INC. ' ■ . - , 

■ (c! ??T?f To^yo' ■ ■ '^i^pnbashi .Mutomachi ' sloh^e,. Chuo-ku ^ ' ' " ' 
■ if ! COUNTRY.:, : Japan ... * , ' ■ • ' - ^ 

(F) POSTAL -CODE (ZIP) : 103 . ! , . . . .• 

- - -!c!^ Gmf^4oki^'-"^^°-^-hivMu^omachi--3.c^^^^ Chud^ku ' : . ' 

(E), COUNTRY: Japan - . . ■ , ■ • ■ , . 

■ (F) POSTAL CODE (ZIP) : 103 - ■ ' • ' . . . ' . V ' . ' ' •= ■ ' 

(111) NUMBER OF SEQUENCES: 17 • '■• ' V- ■ - ■ . - ■ . 

• (iv) COMPUTER READABLE FORM ' ' ■ ' ■ 

(A) MEDIUM TYPE: Floppy disk ' • / 

; B COMPUTER: IBM PC compatible 

n SYSTEM: PC?doI7m|-D0S ' ' ■ • " 

: (P) SOP^ARE:. Patentin Relea^a'#?°^, version #1.30 (epo,; ^ ; 

(v) CURRENT APPLICATION DATA- ' ' • ' 

i ^ ^^^PPLICATION NUMBER: Ep'96 942 6nft Q ' - 

(VI) PRIOR APPLICATION DATA- ^^^'^r 

(A) APPLICATION NUMBER: PCT/JP96 /m -7^ o 

(B) FILING DATE:^ 20-DEC-199^^ '^ 

(vi) PRIOR APPLICATION DATA- ' ' 

(A) APPLICATION NUMBER: JP HEI-7-3503fi4 - - 

(B) FILING DATE: 22-pEC-1995 . ^-^^^^ \ V 

(vi) PRIOR APPLICATION' DATA- - ' ' ' ' " 

(A) APPLICATION NUMBER : ' JP HEI-7-334fl7c: 
35 "LING DATE: 22-DEC-1995 ; ' 

U) INFORMATION FORSEQ ID NO: 1: ' • .... ' : : 

■ : SEQUENCE CHARACTERISTICS- ' ' ' ' •> ' ' ' ' 

^;™^™^ amino acid^' V / : * V . : ' 



(B) TYPE: amino acid 

(D) TOPOLOGY: linear. -.^ , . ' ■ / 

/: .■';{ii) MOLECULE TYPE: peptide ' ■'^■^ * 

-45 ■ (ix) FEATURE:- . ' * ■ - ' • ' ' ' 

■ ■ • / , (A) NAME/KEY: Region- • 

.(B) LOCATION :1. 33 - , 
, . ; . - W, . OTHER INFORMATION: /^^^^ . 

50 '''^^^^QUENCE DESCRIPTION:.' SEQ iD.NO: 1:. ; : ■ 

• Arg ^^^^ 
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Ser Pro""'Gly Asp Leu Gin Thr Leu Ala Leu Glu Val Ala Arc C-ln Lys 
20 . ^ 25 „ 30" 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME/KEY: Region 

(B) LOCATION:!. .35 
(D) OTHER INFORMATION: /not e= "Linker polypeptide" 



(xi). SEQUENCE DESCRIPTION: SEQ ID NO: 2: ' 

Arg Arg Glu Val Glu Asp Pro Gin Val Ala Gin Leu Glu Leu ciy Gly 

: 1 . 5 . - 10 ' 15 

Gly Pro. Gly Ala Gly. Asp Leu Gin Thr Leu Ala Leu Glu Val Ala Arg 

• , 20 ^ " 25 . - 30 ■ 

Gin Lys Arg . ^ 

35 ■ 

(2) INFORMATION FOR SEQ ID NO : 3 : - 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 amino acids 

(B) TYPE: amino acid * ^ 
(D) TOPOLOGY: linear . - 

(ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME/KEY: Region 

(B) LOCATION:!. .34 
(D) OTHER INFORMATION: /note= "Linker polypeptide" 

SEQUENCE DESCRIPTION: SEQ ID NO : 3 : - • . 

Phe Ala Ser Ala Gly Gin Pro Pro Thr Pro Arg Ser Glu Gly Pre 

" 5 . . . ^5 . 

Gly, Phe Leu Pro Ala Pro Val -Val Pro Leu Ala. Gly Pro Pro Leu 
20 25 - 30 ■ • 

Tyr ■ - • ' • 



(2) INFORMATION FOR. SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: . 

(A) LENGTH:. 3 6 amino acids 




(xi) 

Pro 

1 , 

Arg 
Leu 



5. • ^ 
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- . TYPE;- amino- acid^ . •', i ■ . ' \ ' 

■•■ - . . , ; :(D)- ^TOPbLOGY: linear . ■ , . ' ' / 

- ; (ix) - FEATURE: ' ■ ' . ! . ' ' I ■ ■ 

: . ' tA) . NAME/KEY: Region ^ ■ - - " ; - ' 

(B) LOCATION:!. .36 - . * 

^ , . - ^ ^D) OTHER INFORMATION:/n^^^ pplypept ide.< " ; ^ 

:^ . (xi) SEQUENCE ^DESCRIPTION: SEQ. ID NO: 4: ' ^ * ^ 

rPro^ P^e .AI. se^ Ala Oly ;oXn;-pr. :Pro Val ^ P.o A^i 01. oiy ' 

. .eu Pro Oly .eu His : Ala Pro :V,1 Val . Pro L,. ^ 

. ■ - ■' Pro Leu Leu Tyr ' ' - ^ . ''^ / ' ' ■■ ' . ' • .* . 

■ ^ '.■ • '■, / ' ■ '■ "■. .. , ,■ 

■ s2) INFORMATION FOR^SEQ ID NO : 5 : ' ' ' * ■ • ' ' . 

(i)" SEQUENCE. CHARACTERISTICiS- ^^ " " 

: \ , ■ A) LENGTH: 31 amino acids ' , r • 

(B) TYPE: ..amino, acid ■ >" " ' 

. " (I^)' TOPOLOGY:,' linear . ; . . ' / ' ' • , 

Ui) MOLECULE type": peptide ' : ' ' ' . ' . . 

(ix); FEATURE:' ^ " 

. , <A) NAME/KEY:" Region . \, ' " . 

..(B) LOCATION: l'. . 31 * . ' • ■ ' ^ . — " 

• • .•■ . . (DV' OTHER INFOR^«U^ "Linker poli^eptide.-^ '; ■ - 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:' ' ' ! . ^ 

■ : Pro Tyr Asn cys. Trp Arg Pro Val Oly Arg lie A.g ' „is I^u Cys Arg; : : 

• :. . lie Arg ^oin ser Met>ro Asp Ala Thr W Ser .eu^ Ile' Arg:' 

: ' ^ " - ■ ... ^ ■ - . ' 30 

(2) INFORMATION FOR^ SEQ^ ID NO: . 6 : 



( 1 ) S EQUENCE ■ CHARACTER I S T I CS - 

(A) - LENGTH: 24 base' pairs " 

(B) TYPE: -nucleic. acid' ' 

(C) STRANDEDNESS: sinqle 
;; . CD) TOPOLOGY: linear • 

-(iiV^^MOLECULE TYPE:, ot^^ nucleic acid^ ' 
C A), DESCRIPTION:..- /desc-.= -'.3^^^^^ 



/desc .= ."Synthetic DNA'' 



50 



. . (xi) SEQUENCE- DESCRIPTION: SEQ 'ID :^ 
TTACGTAGAG AAGTGGAGGA CCCG^ • 
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(2) INFORMATION FOR.SEQ ID NO: 7: 

SEQUENCE, CHARACTERISTICS : : 
- . - (A) LENGTH: 24 base pairs ' 

(B) TYPE: nucleic acid ' 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

{A) DESCRIPTION: /desc '= "Synthetic DNA" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7:-- 

/5 AGGCCTTCGC TTCTGCCGGG CAAC 

(2) INFORMATION FOR SEQ ID NO: 8: 

' (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs. 
20 ' TYPE: nucleic acid 

(D) TOPOLOGY: linear' . . 

(ii) MOLECULE TYPE: Other nucleic acid 

(A) DESCRIPTION: /desc = "Synthetic DNA" 

25 . - . . • ■ " . 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

TGCGGATCCG ACCAGGCAGC TCGC. 

(2) INFORMATION FOR SEQ ID NO: 9: ^ 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 23 base pairs 
: . (B) TYPE: nucleic acid 

. (C) STRANDEDNESS: single 
(D) TOPOLOGY: linear ■ 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION:. /desc. = "Synthetic DNA" 

40 ' ' ' • . . . • 

(xi). SEQUENCE DESCRIPTION : SEQ ID NO : 9 :. 

ATCCCGGGAT CGGACCCTGC. AGG 

45 (2) INFORMATION FOR SEQ ID NO: 10: 

. (i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 24 base pairs 
. (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
' : : (D) TOPOLOGY: linear • - 



(ii) MOLECULE TYPE: Other nucleic kcid 

(A) DESCRIPTION: /desc = "Synthetic DNA" 
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24 



; SEQUENCE- DESCRIPTIO 

- -TAGGTAATTC..CAGTGTCTGG- ^ • [ ■ . r 

- :(2)..INFORmtl6N' FOR .SEQ ID NOr llVv^ * 

. .(i): SEQUENCE ■ CHARACTERISTICS - ■'-^'^^ ■ ■ ■ ■^ ■ ' 

• - (A) LENGTH: 27 base- pairs - ' ' V . • 

: " . •* :(B) TYPE: nucleic acid ' ' ' ' ' 

r . (C) - STRANDEDNESS: single " * • * ' ^ , ■ .^-^ • 

■ , ^ (D) TOPOLOGY: linear ,. ' . . . , ■ ' ^ , - 

; (ii) MO^ECU^^ TYPE:: other riuc^Leic acid ' ; : ' ; 

:V;^: '(A) -DESCRIPTION: V /desc ^Synthet ic ' DNA" 7: "^^^ V ^ ; - 

> -.75^; ■ v7 -f^^J- s^^ NO:- ii,;: ; ■ - - 7 ■ ' ^ " .'V 

: TTGGGATCCT CCTATCTGTG TGAGGAg'" ■ • ; 7'' V ' " * " ' ' „ ' ■ ' * 

. . ..(2) INFORMATION FOR SEQ ID .NO :' 12 :: . ; ' ' ' 

- •.; (!■) SEQUENCE CHARACTERISTICS ' - ' 

^ ; ' .(A) LENGTH: 24 base pairs ■ . - -V'^^: ' 

. . • . (B) TYPE-: nucleic acid ^ - " 

25\;:..- ^ (C) STRANDEDNESS : single'^ ^ ■ ' ■ ' " 

• : ^ ^ ' ' , TOPOLOGY: linear ' ■ . . ' • _ - . 

•V . ^^^^ ''?^v'ni;o ^"^^^^^ other nucleic acid 

(A) DESCRIPTION: . /de sc "Svnh 



/desc = "Synthetic DNA" 



: ■ ■ . V , '.\-^^^y^ SEQUENCE DESCRIPTION:; SEQ ID W:/ 12 :' * /' V 1' ' ' " 

. ^'AACGTTGGA TCCTAGAATC GGAC " • 

35 ' ^ '■' . [ ■ • " . ' • ■ '/ . • ' " - . • 24. 

• : ; (2) .INFORMATION FOR SEQ ID NO : ^ 13 : \ ' - ' 

• (i) SEQUENCE-'CHARACTERISTICS- ' - - : ' ' ^ 

(A) LENGTH: 27 base pairs * ' ■ : ' ' - : . * • 

. CB)- TYPE: nucleic acid • * " " 

40 - -iC) STRANDEDNESS: single - '■ 

- • / (D) TOPOLOGY:,; linear' ' ' . ' • . . . \ 

. ^ ■ , ^^^^.^ .^/desc =/ "Synthetic ^DNaVV. . ^^'V ■ ' : ^ 



^.(xi) SEQUENCE DESQRIPTIOnV SEQ ;:id'N0:: 13 : ' -i.. ' '"' 

' . (2) -INFORMATION FOR SEQ; ID NO : 14 : ■ - . - ; " V ' ^ ' *, ' " 
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(i) SETQUENCE CHARACTERISTICS: 
(A) LENGTH: 28 base pairs 
; (B) TYPE: nucleic acid ; \ 

(C) STRANDEDNESS': single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION:. /desc = "Synthetic DNA" 



;(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
TCTGCAGTGC AAAGATGTAC AGGATGCA 
(2) INFORMATION FOR SEQ ID NO:. 15: ' - . 

^ (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
20 , . (D) TOPOLOGY: linear , 

(ii) ' MOLECULE TYPE: Other nucleic acid 

(A) DESCRIPTION: /desc = "Synthetic DNA" 

25 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: ■ 

TTCCCGGGTC AGTGTTGAGA TGATG ' 

30 ^ ' (2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 
. (A) LENGTH: 24 base pairs. 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
35 (D) TOPOLOGY: linear ' 

(ii) MOLECULE TYPE: Other nucleic acid 

(A) DESCRIPTION: /desc = "Synthetic DNA" 

40 ^ ' ' ' \ * . 

' * (xi) SEQUENCE DESCRIPTION:' SEQ ID NO: 16: 

AACTGCGCAC CTACTTCAAG TTCT 
^5* (2) INFORMATION FOR SEQ ID NO : ■ 17 : ^ 

(i) SEQUENCE CHARACTERISTICS: ' . 

(A) LENGTH: 28 base pairs • . ^ 

(B) TYPE: nucleic acid ^ 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear - 



50 



(ii): MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "Synthetic DNA" 



55 



BNSDOCID: <EP ^0816510A1_I_> 



29 



i EPO 816 510 Ai / '^f^ 



■ {Xi)^: SEQUENCE DESCRIPTION: 'SEQ ID NO: 17 
. AGCGGTACCT TATCAAGTCA GTGTTGAG . ' • \- . 



2S 



10 Claims 
1. 



75 



20 



resented by the Sowing foS^^^^^ 

2. A method for producing a bi^^^^^ 

idue at the C terminal being Ly^^a and ?hi f^S^ ^ ®' polypeptide and the test amino acid res- , 

- ^^<^^^ P--n B. the: 

idue at the C terminal and the f^rst and sSlnH^ h ^ J'"^ ' ' P^'^P^^'^^ the test amino acid res- 

. , being constituted bytsic lmir^^^^ 

acids selectedfronJa group co,:sS of S^^S^^^lleSSl^ ^"^^ hyd^phobic aminp 

^^S^Sl^:^ ^ - --teri^ed in that X . a HnW : 

sequence exhibiting subLrtiarthesSe S^^^ ° ^-^"^""^ Nos. 1-5.or an amirio acid . 

Sequence Nos 1-5. •^"""^ ^'^"^"•'e as the am.no acid sequence indicated as any of 
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7. An expressiori vector Characterized by cont^ning the DNAse^^^ , • ' : 

A transformant Obtained by transforming a host cell v^th the exp^^^^^ 

A transformant according to claii^ 8, characterized ^ that the host bell is of a mammalian cell strain. ' 
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